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Claims 




WE CLAIM: 

1. A method of modeling circulation in a living 
■^sj^bject, such method comprising the steps of: 

developing a model for living subjects in general; 

correcting the^nodel to substantially conform to . 
the overall cerebral phy^ology of the living subject; 
and 

calculating a cerebral flow of th^^ii^ing subject 
based upon the corrected model and a selected cel^et^ral 
blood flow perturbation. ^ 

^ . N \ The method of modeling as in claim 1 wherein the 
step ds£ developing the model further ct5mprises adopting 
the Circ\e of Willis. 
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3 . The mettf^SKi of modeling as in claim 1 wherein the 
step of correcting the model further comprises selecting 
a vessel of the mcJtstel . 

4. The method of modeling as in claim 3 wherein the 
step of selecting a vessej\of the model further 
comprises identifying a general area of^a" corresponding 
vessel in an image of the living subject. 

5. The method of modeling as in claim 4 wherein the 
step of identifying the correspondingyessel- further 
comprises localizing the corresponding -l^ssel in 3- 
dimensional space . 

6. The method of modeling as in claim 5/whe£vein the 
step of localizing the corresponding vessel further 
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7. TfrQ method of modeling as in claim 6 wherein the 
step of processing pixel data of the general ' area of the 
correspondingN^essel to locate a boundary area between 
the correspondin^\yessel and surrounding tissue further 
comprises tracing ttk boundary into adjacent areas in 
three-dimensional space\to locate respective ends of the 
corresponding vessel . 
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8 .\ The method of modeling as in claim 7 further 
comprising updating the model based upon""the measured 
diamete^k and locations of the respective ends of 
corresponding vessel . 
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9. The method of modeling as in claim 8 wherein the 
step of calculating the cerebral flow further comprises 
using a one-dimensa>onal , explicit, finite difference 
algorithm based upon\ conservation of mass equation. 

10. The method of modeling as in claim 9 wherein the 
step of calculating the cerebral flow fu,r-tfher comprises 
using a Navier-Stokes momentum Xguat ion . 

11. The method of modeling as in clXim 9 wherein the 
step of calculating the cerebral flow rbnrth.er comprises 
using an equation of state relating a lx5cas^ pressure to 
a local artery size. 

J 2 . Appa^arbrrs — £ul modeling c e r e bral circula -t 



living subject, such apparatus comprising: 
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a cerebral circulation model for living subjects in 
general ; 

"""-^ jneans for correcting the model to substantially 

conform to tlie~~^ve^aJ-l_cerebral physiology of the living 
subject; and ' — 

means for calculating a cerebral flow of^the^living 
subject based upon the corrected model and a selected 
cerebral blood flow perturbation. 



10 13S, The apparatus for modeling as in claim 12 wherein 
theVerebral circulation model further comprises the 
Circle^ of Willis. 

14. The Vpparatus for modeling as in claim 12 wherein 
15 the means rpr correcting the model further comprises 
means for selecting a vessel of the model. 



15 . The apparatus for modeling as in claim 14 wherein 
the means for selecting a vessel of the model further 

2 0 comprises means f orNidentifying a general area of a 

corresponding vessel an image of the living subject. 

16. The apparatus for modeling as in claim 15 wherein 
the means for identifying tHe corresponding vessel 

2 5 further comprises means for legalizing the corresponding 
vessel in 3 -dimensional space, 



17 . The apparatus for modeling as 



claim 16 wherein 



the means for localizing the corresponding vessel/ 
3 0 further comprises means for measuring 
corresponding vessel . 



diameter of the 
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IS . The apparatus for modeling as in claim 17 wherein 
tAe means for processing pixel data of the general area 
of \he corresponding vessel to locate a boundary area 
betwe^i the corresponding vessel and surrounding tissue 
f urtherVomprises means for' tracing the boundary into 
adjacent ajreas in three-dimensional space to locate 
respective fends of the corresponding vessel. 

19 . The apparatus for modeling as in claim 18 further 
comprising means \f or updating the model based upon the 
measured diameter and locations of the respective ends 
of corresponding vessel 

20. The apparatus for modeling as in claim 19 wherein 
the means for calculating \he cerebral flow further 
comprises means using a one^dimensional , explicit, 
finite difference algorithm ba^ed upon a conservation of 
mass equation. 

21. The apparatus for modeling as\in claim 20^wherein 
the means for calculating the cerebral flow further 
comprises means using a Navi er - S t oke s\momen tum equation, 

22. The apparatus for modeling as in clWim 21 wherein 
the means for calculating the cerebral fld$v further 
comprises means using an equation of state \elating a 
local pressure to a local artery size. 



23 . Apparatus for modeling cerebral circulation in a 
living subject, such a^ar^rttis^Qon^rising 

a cerebral circulation model for living — s^biects in 
general ; 
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a correction processor adapted to correct the model 
to substantially conform to the overall cerebral 
.ogy of the living subject; and 
a flow processor adapred— to calcu late a cerebral 
flow of the living subject based upon the correct! 
model and a selected cerebral perturbation. 

24\. The apparatus for modeling as in claim 23 wherein 
the\cerebral circulation model further comprises the 
CirclH of Willis. 



25. The ^apparatus for modeling as in claim 23 wherein 
the correction processor further comprises a^cursor 
adapted to select a vessel of the model. 

26. The apparatus for modeling as in claim 25 wherein 
the correction processor further c ompr i s e s^a^pixe 1 
processor adapted ^sp process pixel data of the general 
area of the corresponding vessel to locate a boundary 
area between the corresponding vessel and surrounding 
tissue . 

27. The apparatus for modeling as in claim 26 wherein 
the pixel processor further comprises a distance, 
processor adapted to measure a d\ameter of the 
corresponding vessel. 



28. The apparatus for modeling as in \laim 27 wherein 
the pixel processor further comprises a\:raei-ng 
processor adapted to trace the boundary ikto adjacent 
areas in three-dimensional space to locate Respective 
ends of the corresponding vessel. 
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29. A method of modeling a surgical alteration of 
cerebral circulation in a living human subject, such 
od comprising the steps of: 
devel^p^ng a model for living subjects in general^ 
correcting ttre-^nodel to substantially conform to 
the cerebral physiology of^the living subject; 
perturbing the corrected modelrr~^a^id 
determining a set of flow changes occurrlng^s a 
result of the perturbation. 
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30. The method of modeling as in claim 29 wherein the 
^tep of developing the model further comprises adopting 
ttie Circle of Willis. 



31. 'Sfie method of modeling as in claim 29 wherein the 
step of\correcting the maael further comprises- selecting 
a vessel \f the model. I 



32. The method of 
step of selectr^g a 
comprises identifying 
vessel in an image 




g as in claim 31 wherein the 
1 of the model further 
a general area of a corresponding 
the 1 iving sub j ec t . 



25 33. The method of modeising as in claim 32 wherein the 
step of identifying the corresponding vessel further 
comprises localizing the corresponding vessel in 3- 
dimensional space . 



30 34. The method of modeling as in claim 33 wherein the 
step of localizing the corresponding Vessel further 



73 



# 



* 



comprises measuring^bs^diameter of the corresponding 
vessel . 

35. The method of modeling as in claim 34 wh^rei^-ttte 
step of processing pixel data^j^f^-fefc^r'g^neral area of the 
corresponding vesselJt^e-^Tocate a boundary area between 
the corresponding vessel and surrounding tissue further 
compri^sers tracing the boundary into adjacent areas in 
^fehree-dimensional space to locate respective ends of the 
corresponding vessel . 
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36. The method of modeling as in claim 35 further 
comprising updating the model based upon^-tfie measured 
diameter and locations of the respective ends of 
corresponding vessel. 



37. The mebjiod of modelj/ng as in claim 36 wherein the 
step of calcu3>ating the jberebral flow further comprises 
using a one-dimeias ional ,1 explicit, finite difference 
algorithm based up&n a cWis^^ation of mass equation. 
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38. The method of modeling as in claim 3 8 wherein the 
step of calculating the cferebral flow further comprises 
using a Navier-Stokes momentum equation. 

39. The method of modeling as i^i claim 38 wherein the 
step of calculating the cerebral £\Low further comprises 
using an equation of state relating^ l^cal pressure to 
a local artery size. 
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40. Apparatus for modeling a surgical alteration of 
\cerebral circulation in a living human subject, such 
apjyar^tus comprising: 

a cer&bi^l model for living subjects in general; 
5 means for corr^trfei*ig the model to substantially 

/ conform to the cerebral phy^a^l^gy of the living 
^ subject; 

means for perturbing the corrected mocte-i; and 
means for determining a set of flow changes\. 
occurring as a result of the perturbation. 
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41. The apparatus for modeling as in claim 40 wherein 
the, means for correcting the model further comprises 
means, for selecting a vessel of the model. 

42. The xapparatus for modeling as in claim 41 wherein 
the means Spr selecting^ vesfeei of the model further 
comprises means for identifying a general area of a 
corresponding Vessel an an image of the living subject. 




43 . The apparatus X or^ra^deling as in claim 42 wherein 
the means for identifying the corresponding v^s'sel 
further comprises means\for localizing the corresponding 
vessel in 3-dimensional ssace , 

44. The apparatus for modeling as in claim 43 wherein 
the means for localizing the co'isresponding vessel 
further comprises means for measuring a diameter of the 
corresponding vessel. 



45. The apparatus £ 



the mei 



eling as in clcbim 44 wherein 
processing pixel data of the general area 
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of the corresponding vessel to locate a boundary area 

between the corresponding vessel_ajid~--S4a^rrT5u^ tissue 
further comprises^jiieaiT&^Tor tracing the boundary into 
adg^js-errtT~areas in three-dimensional space to locate 
respective ends of the corresponding vessel . 
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The apparatus for modeling as in claim 45 further 
comprising means for updating the model based upon the 
measured diameter and locations of the respective ends 
of corresponding vessel. 
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47 . The \pparatus for modelir\g as in claim 46 wherein 
the means 
comprises mec 

finite difference algorithm based upon a conservation of 
mass equation. 



calculating the pe rebral flow further 
using / one-dimensional, explic'it, 




48. The apparatus fs^ mod^ting as in claim 47 wherein 
the means for calculating the cerebral flow 'further 
comprises means using a N^vier-Stokes momentum equation. 
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49. The apparatus for modeling as in claim 48 wherein 
the means for calculating the cerebral flow further 
comprises means using an equatior\pf state relating a 
local pressure to a local artery si; 
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50. A method of modeling a surgical alteration of 

ion in a predetermined region of a living human 
subject, such me t ho^~~c^rtp^4^Jjig^the steps of: 

developing a model of the. region for 
subjects in general; 
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correcting the model to substantially conform to 
the physiology of the region of the living subject; 

"pBn in i il ihj h>>o mrrorhod model ; and _^ 

determining a set of flow changes occurring as a 
result of the perturbation. 
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